5.0 Backyard Rain Garden Design
5.1 Overview of Practice
A rain garden (a small bioretention area) is a depressed area in the landscape designed to retain
and infiltrate stormwater runoff (Figures 5.1 and 5.2). Rain gardens offer an attractive, versatile
and multi-functional option for stormwater treatment. Rain gardens can sometimes be installed
without the help of heavy equipment although a small excavator is beneficial in many cases.
Surface ponding should not occur for more than 3 days in a rain garden, wetter systems would
be considered “backyard wetlands”. Rain gardens are typically planted with a combination of
trees, shrubs and perennials and mulched. Grass can also be used as cover without other
vegetation or along with trees, shrubs or perennials. Cover and layout of rain gardens can be
very flexible.

Figures 5.1 & 5.2 A completed rain garden in Oak Ridge, NC (left) and Wilmington, NC (right).

5.2 Rain Garden Siting
5.2.1 Choosing a site
There are a number of siting concerns regarding rain gardens. Rain gardens should ideally be
located between the source of runoff (roofs, driveways, sidewalks, etc.) and the runoff
destination (storm drains, streams, low spots, etc.). The lowest spot in a yard, or an area that
stays wet for extended periods of time after rainfall events, is not a suitable location for a rain
garden. These locations are better suited for backyard wetlands. It is best to locate a rain
garden so that it will intercept the water quality volume during storm events and convey
overflows to existing drainage structures or paths (Figure 5.3).
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Figure 5.3 Locate rain gardens between the runoff source and its destination (an existing storm
drain).

To avoid damage to buildings and building foundations, rain gardens should be located at least
10 feet away from structures. For buildings with a basement or crawl space, rain gardens
should only be located lateral to or downslope of the building. If a building is built on a slab
foundation (no basement and no crawl space), the rain garden may be located uphill, but
should still be at least 10 feet away. Additionally, the rain garden should be located lateral to or
downslope of septic system drain fields and well heads with a minimum 25 feet of separation.
Rain gardens should be sited to avoid conflicts with utilities, which should be located and
marked prior to construction. Finally, for the best plant growth, the rain garden should be
located in an area that receives partial to full sun exposure.
5.2.2 Rain Garden Soils
Soils with moderate to good permeability must be present in order for a rain garden to function
properly. At each location that meets the siting requirements above, dig a 1-foot deep hole. Fill
these holes with water, let them drain, and then fill them again. Record the drainage time for
each test hole.
If the hole drains in less than 12 hours, the site is suitable for a quick-draining rain garden. If the
drainage time is between 12 hours and 3 days, the site is suitable for a standard rain garden. If
the hole takes longer than 3 days to drain, the practice should be designed as a backyard
wetland (Chapter 6). See the table below.
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Infiltration Test: The Results
Drain Time

Appropriate BMP

< 12 hours

Quick-Draining Rain Garden

12 hours – 3 days

Standard Rain Garden

> 3 days

Backyard Wetland

Please note: These are backyard rain gardens and backyard wetlands. Larger bioretention
areas and stormwater wetlands require design and approval by a Professional Engineer (PE). If
the area of impervious surface draining to the BMP exceeds 2500 square feet, the engineered
practice is required, along with design approval by a PE.
For sites located in a floodplain, a low-lying area, or east of Interstate 95, an additional test is
highly encouraged to determine the height of the water table and check for the presence of
wetland soils.

Wetland soils and/or a high water table will limit drainage from the system between rain
events. A visual analysis of the subsurface soil is sufficient when checking for a high water table.
Dig a hole 2 feet in depth. Soils with a grey matrix with brown or orange mottles (areas of color)
are indicative of areas where the soil is in contact with the water table for extended periods of
time. As the soil is removed from the hole, it should be observed for these signs of saturation.
The seasonal high water table is located at the depth where mottled soils are first encountered.
If groundwater is encountered as the hole is being dug, the site very likely has a high water
table (Section 4.4.4). Seasonally high water tables are described in greater detail in Richardson
and Vepraskas (2001). Districts may also contact division technical services staff to assist with
soil analysis, if needed. If water or indications of saturated soils are encountered in the 2 foot
hole, the site is not suitable for a rain garden. A backyard wetland (Chapter 6) should be
considered or another location should be selected.
The soil extracted from the 2-foot hole may be submitted to the NC Department of Agriculture
and Consumer Services Soils Laboratory to determine if lime is necessary for proper plant
growth. The soils test report should indicate the amount of lime needed (for more information
on soils testing visit http://ncagr.gov/agronomi/sthome.htm). Fertilizer should only be applied
to rain gardens during initial plant establishment, if it is needed at all based on the soils test.
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5.3 Rain Garden Sizing
5.3.1 Determine watershed and impervious area draining to BMP
After a suitable location is chosen for the rain garden, the next step is determining the
watershed area that drains to the proposed rain garden site. The contributing watershed
should contain impervious areas such as driveways, sidewalks and/or rooftops. The best way to
determine drainage patterns is to visit the site during a storm event. A visual analysis of the site
during dry weather may also be used to identify landscape features that affect the flow of
water (swales, hills, raised flower beds, curbs, etc.). Detailed topographic surveys are another
method of revealing the direction of flow on the site. Using USGS topographic maps or online
GIS mapping program contours should only be a preliminary method of determining drainage
patterns, as they are not detailed enough at the site scale.
Rooftops are drained via gutters which may not drain to the proposed location. In this case, a
pipe can be used to route water to the proposed location. The pipe should be sized to equal or
exceed the cross-sectional area of the existing downspout. For example, if an existing
downspout is 3” x 4”, it has a total cross-sectional area of 12 in2. A 4-inch pipe has a crosssectional area of 12.5in2, so it exceeds the area of the downspout and may be used to route the
downspout to the rain garden. Use extreme caution when combining downspouts; again, make
sure the cross-sectional area of the pipe is at least the total area of the contributing
downspouts.
A rule of thumb for sizing downspouts is that there should be 1 inch of downspout per 100
square feet of roof. Downspouts that are undersized for the roof area will result in the roof
runoff overflowing the gutter, reducing the expected volume of harvested water.
After any modifications are considered (such as routing rooftop drainage to the proposed area),
calculate the watershed area and impervious area draining to the proposed location. Field
measurements taken with a tape measure will suffice for determining the area draining to the
BMP. GIS mapping programs can also be used to measure the area of the contributing
watershed and the total impervious area.
Once these two areas are determined, calculate the percent impervious.
Percent impervious = (Impervious area / Total watershed area) X 100
5.3.2 Sizing the Rain Garden
Rain gardens should be sized to capture the first flush event. The runoff capture depth is the
amount of rainfall that you want the rain garden to treat; usally 1 inch in North Carolina. Once
the percent impervious has been calculated, the Simple Method (Section 3.3) can be used to
determine the volume of water that will enter the BMP during the first flush event. The surface
area required for the rain garden is the runoff volume divided by the ponding depth, which is
the depth water will pond within the rain garden before overflowing. A depth of 6” is
recommended, but may vary between 3” and 9”. A depth greater than 9” is not recommended,
as this risks becoming a safety hazard and decreases plant survival.
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The depth of ponding in the rain garden can be selected based upon topography, available area
and home owner preference. Shallow rain gardens (a smaller ponding depth) take up more
surface area than deeper systems (a larger ponding depth). Keep in mind that the ponding
depth of the BMP will affect the type of plants that can thrive, so if there is a particular
preference of the plants to be used, the ponding depth should be selected accordingly.
5.3.3 Rain garden construction
Determine where utility lines are located BEFORE starting to dig. Although the N.C. one-call
should have been called and utility lines located before the rain garden site was selected, this
step should be repeated prior to digging. Talking with the landowner may also be helpful to
identify utilities that are not marked by 811 (such as gas lines running to a grill, outdoor lighting
that was installed by the homeowner, etc.).
Once it has been determined that the selected site is clear of utilities, mark the outline of the
rain garden with paint, flags or rope (Figure 5.4). Consult with the landowner/homeowner
when laying out the rain garden to ensure they are content with the location. The shape of the
rain garden may vary greatly, so long as the area is equal or greater than the required size
determined in Section 5.3.2.

Figure 5.4 Laying out the boundary of a rain garden with paint and flags.

A typical lawn has three soil layers: sod, topsoil and sub-soil. If sod is present on the site,
remove this by skimming a shovel just below the root mat of the sod. Place the sod aside – it
can be used for the berm or weir. Next, remove any and all topsoil and stockpile for later use.
Finally, the ponding area of the rain garden can be excavated. Digging may be done by hand or
with heavy equipment (backhoe, etc.). The depth of excavation (after the removal of sod and
topsoil) should be the chosen ponding depth (discussed in Section 5.3.3), plus as additional 3”
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to account for mulch. For example, excavation for a rain garden with a 6” ponding depth would
be a total of 9” (6” for ponding depth, 3” for mulch).
After excavating to the appropriate depth, use a tiller, backhoe bucket teeth or other
implement to break up the underlying 4”-6” of soil. Mix in the topsoil that was removed from
the area prior to excavation. This increases infiltration and helps plants survive. If the results
from the soils test performed (discussed in Section 5.3.1) indicate that lime is needed to raise
the soil pH, lime should be mixed in at this time also.
5.3.4 Berm construction
The excess soil from excavation can be used to create a berm around the downslope side of the
rain garden. A berm is an earthen dam used to hold water inside the garden. A berm can help
reduce the amount of excavation necessary and can also help tie a rain garden into a sloped
surface. When constructing the berm, place soil in 4”-6” lifts and compact tightly.
It is strongly recommended that the berm be planted with sod to assure proper stabilization.
Seeding and mulching the berm may be appropriate and more cost effective, but care should
be taken to assure that proper ground cover is established due to potential difficulties with
establishing vegetation on fill material.
The berm should have a top width of 2-3 feet. The slide slope should preferably be 3:1 or a
maximum slope of 2:1. The height of the berm should be 3-6 inches above the height of the
water when the weir is flowing at its design depth.

Berm

Weir

Berm

Figure 5.5 Examples of a berm and a weir in a backyard stormwater practice.

5.3.5 Inlet protection and pretreatment
Water entering the rain garden needs to be slowed down prior to entering the ponding area to
limit erosion of mulch and soil. Also, sediment carried by the stormwater will settle out when
the water velocity decreases. There are several types of pretreatment:
• Direct flow into the garden as sheet flow over a vegetated surface, such as a lawn
(Figure 5.6). This spreads the stormwater out, creating sheet flow, thereby avoiding
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concentrated flow and erosive velocities. It is important the vegetated area over which
water is flowing is flat, as this is the only way to ensure sheet flow. To determine if an
area is level, insert two stakes in the ground, one on each side of the area. Tie a string
line between the stakes and attach a bubble level (sold at the hardware store) to the
string line. Keeping the string taught, adjust the stakes until the string line is level. The
ground may then be graded (either cut or filled) to meet the elevation of the string.
Water can be introduced into the rain garden via a vegetated swale, which aids in
slowing water down, allows infiltration to occur, and settling of sediment. See Section
8.0 for more information on designing swales.
Measures may be required where flow entering the rain garden may cause scour and
erosion. If this is necessary, these components would require approval by a PE
A small forebay will allow stormwater to pool, settle out sediment, and dissipate energy
before flow enters the main body of the rain garden (See Figure 5.7). These features
should be used particularly in larger watersheds. The forebay may be either lined with
rip-rap or sodded. During construction of the forebay, the berm that separates the
forebay and the rain garden should be installed in 4”-6” lifts, with each lift well
compacted. If using sod to vegetate the berm, the sod set aside during construction of
the rain garden can be placed on the berm and staked down. If using seed, scarify the
surface of the berm, sow the seed and cover with erosion control matting. Rip-rap
berms are not recommended.
A gravel verge is frequently used when space is limited or when stormwater enters as
sheet flow from an impervious surface directly adjacent to the garden, such as from a
driveway. Figure 5.8 shows a gravel verge and vegetated filter strip combination on the
slope of a rain garden. The gravel verge consists of washed #57 stone placed over
geotextile fabric. The grass filter strip is typically immediately downslope of the gravel
verge; both should be at least 1 foot wide.

Figure 5.6 Stormwater flowing across flat, grassed slope before entering a rain garden.
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Figure 5.7 Rain garden in Wilmington, NC with a small forebay.

Figure 5.8 Examples of a gravel verge and vegetated filter strip receiving
sheet flow from a parking lot.

5.3.6 Outlet design
The outlet structure controls the ponding depth in the rain garden. It also should allow
overflow to exit the rain garden in a controlled, non-erosive manner. The most common outlet
used for rain gardens is a weir, a flat opening in the berm of a rain garden (Figure 5.9). To
determine how long the weir should be, the Rational Method (discussed in Section 3.4) should
be used to calculate the peak flow rate from the watershed. The Rational Method requires
rainfall intensity for a given design storm as an input. The design storm for rain gardens in the
CCAP program is the 10-year, 5 minute storm. Using the peak flow rate, the minimum weir
length can be determined using Equation 3-10. Section 3.7.1 discusses weir sizing in greater
detail.
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Figure 5.9 An example of a wooden weir installation.

Figure 5.10 Earthen weir immediately following installation.

Weirs may be wooden or earthen (Figure 5.9 and 5.10). An earthen weir is constructed by
creating a flat length of lower elevation in the berm of the rain garden. The width of this
opening should be at least the length calculated using Equation 3-10. Care should be taken to
ensure the opening is level, as any low spots will lead to erosion. Lay sod over the weir and
stake it down or seed the weir and cover it with erosion control matting. Sod is the preferable
vegetative material for an earthen weir.
A weir may also be constructed of wood. This is a popular choice for larger rain gardens, as it is
easier to construct a level weir out of wood than soil. Also, a wooden weir is stable immediately
after construction, while an earthen weir needs vegetation to establish before becoming stable.
To construct a wooden weir, dig a small trench, approximately 4”-5” wide and at least 2 feet
longer than the minimum required weir size. Stack 4”x4” boards in the trench, caulking
between them to prevent leaks. The top of the last board should be at the height of the
ponding depth above the surface of the mulch. For example, in a rain garden that has a 3”
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ponding depth, the boards should protrude 3” above the mulch surface, thus allowing water to
pond 3” deep before overflowing. Fill soil around the boards in 4”-6” lifts and compact tightly.
Appendix B describes another method of constructing a wooden weir structure that can be
used for larger practices or practices receiving high flows. Typically, treated 2”x8” or treated
2”x12” will suffice. A weir notch will have to be cut into the uppermost board. Regardless of
the board size, all structures should extend at least 6 inches below final grade at the base and
12 inches into the sides of the berm. The rain garden ponding zone should be designed so that
no sensitive upstream areas (houses, driveways, etc.) are flooded because of the garden during
any rain event.
Note: The engineers are working on consistent guidance regarding the use of an earthen vs
wooden weir. It appears that the maximum velocities possible from a backyard practice’s
maximum drainage area would not require the need for a wooden weir. An earthen weir should
be appropriate for most backyard practices.
The one exception is that an earthen weir is only appropriate on natural ground where
vegetation establishment is possible. A wooden structure may be required on some areas with
fill material.
Proposed guidance for sizing of an earthen weir include:
Always use a H (height of water over top of the weir) = 0.5 ft (See Equation 3-9)
The minimum size (L) of a weir should be = 2 ft
Always use temporary matting to assure vegetation establishment
Engineering Notes: An earthen weir should be appropriate for most backyard raingardens. The
height of water over the top of the weir (H, in Equation 3.9) = 0.5 ft. The minimum length of the
weir (L in Equation 3.9) should be a minimum of 2 feet
See the CCAP Rain Garden Checklist and Rain Garden Design Worksheets for more
information on rain garden sizing and eligibility.
5.3.7 Plant selection
Rain garden plants should be selected based upon the drainage rate of the practice.
When the rain garden drains in less than 12 hours, the bioretention plant list in Appendix E can
be used as a guide to plant selection. When the garden drains between 12 and 24 hours, the
plants in Appendix F should be used. In each case it is good to use a variety of native plants for
aesthetic value and to improve the chances of plant survival. In gardens that have deeper
ponding depths or have slower drainage times, it may be helpful to place water-loving plants in
the ponding zone of the garden and plants that prefer drier conditions in higher areas and on
the banks. When planting shrubs or trees, it is recommended that they be planted ‘high’. In
other words, when the plant is placed in the hole, the top of the root ball should be 1”-2” above
the surface of the ground.
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Grass may be used as an alternative to other vegetation or in combination with other
vegetation. Warm season grasses (e.g. Bermuda, Centipede, Zoysia) are recommended in much
of the state, but cool season grasses (Fescue, Kentucky 31) can be used in cooler climates or to
match existing lawn. It may be necessary to re-seed the cell in the fall.
When using mulch, triple-shredded hardwood mulch is best. While all mulch floats, this type of
mulch floats less than others (such as pine straw, pine bark nuggets, etc.). Mulch should be
applied at a depth of 3 inches.
5.4 Rain Garden Maintenance
Inlet pretreatment devices such as vegetated swales, gravel verges, and forebays should be
inspected regularly to ensure they are stable and functioning properly. If erosion within the rain
garden is evident, further steps should be taken to slow down the incoming water and dissipate
the energy. This can be done by installing rip rap or creating a small forebay. The outlet
structure should be checked frequently to make sure it is functioning properly. Any and all
sediment accumulated within the rain garden should be removed as soon as possible to
prevent clogging. Trash and debris should be removed from the garden regularly.
Irrigating plants in the rain garden may be necessary during establishment and during periods
of drought. Fertilizers should not be used in rain gardens, as sufficient nutrients for the plants
are delivered from the watershed. Fertilizers may be used on the berm surrounding the garden
to help establish vegetation. Take care not to over fertilize these areas, as excess fertilizer can
wash into the garden. Weeds will need occasional removal. Pesticides are not recommended
for weed control in rain gardens. Shrubs and trees need to be pruned annually.
Mulch may need to be replenished 1 or 2 times per year to maintain a depth of 3 inches and to
keep weeds out. The depth of mulch should never exceed 3 inches. Mulch should be completely
removed and replaced every 3 years.
See the CCAP Rain Garden Operation & Maintenance Plan for more information.
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